The requirement for taurine in juvenile Japanese flounder Paralichthys olivaceus was determined by feeding diets containing various levels of taurine and cystine. Test diets supplemented with 0.5, 1.0 and 1.5% of taurine or with 0.5, 1.0 and 1.5% of l-cystine were prepared. The basal diet contained 55% protein from white fish meal. These diets were fed to juvenile Japanese flounder with an initial mean bodyweight of 0.9 g (total length (TL) 48 mm) for 5 weeks. Approximately 1.4% taurine content in the diet was required for optimum growth of juvenile flounder. A positive linear relationship was noted between the content of taurine accumulated in the muscle, liver and brain and the level of taurine in the diet. However, there was no increased taurine content in tissues of fish fed the cystine-supplemented diet. In contrast, the fish fed control and cystine-supplemented diets showed higher contents of cystathionine in the tissues. The concentration of cystathionine in tissues rapidly decreased with an increase of taurine in the diet. It was also observed that for each of the dietary groups, a trace amount of taurine was excreted. These results suggest that the taurine content in the diet affects the sulfur amino acid metabolism of juvenile Japanese flounder, and indicate that juvenile flounder are unable to biosynthesize taurine from cystine.
INTRODUCTION
It is well known that taurine concentrations are high in the tissues of marine fishes. 1 However, there is little information available on the effects of dietary taurine in fish. Among the free amino acids profiled in the whole bodies of mysids, taurine is the most abundant. 2 Mysids are the most important food organisms for Japanese flounder Paralichthys olivaceus after settlement, and live mysids were found to be a higher quality of food than formula feed for juvenile flounder. 3 Our previous work showed that a diet supplemented with taurine improved the growth of juvenile flounder. 4 However, the optimizing growth requirement level of taurine in the diet has not yet been determined. Cystine is believed to be the starting sulfur amino acid of taurine biosynthesis in rainbow trout. [5] [6] [7] [8] However, a few studies on the metabolism of sulfur amino acids in fish have been carried out. 9 Certainly, there is no study on this metabolism in juvenile flounder.
The current study determined optimum dietary taurine level for growth of juvenile flounder and showed an estimated pathway from cystine to taurine. Tables 1 and 2 show the composition, proximate analysis and free amino acid composition of the experimental diets. Diet 1 is a basal diet containing 77% of white fish meal as the sole protein source (control), diets 2, 3 and 4 were supplemented with 0.5, 1.0 and 1.5% taurine, respectively (Wako Pure Chemical Industries, Osaka, Japan) and diets 5, 6 and 7 were supplemented with 0.5, 1.0 and 1.5% l-cystine, respectively (Wako Pure Chemical Industries). These experimental diets were formed into pellets and freeze-dried.
MATERIALS AND METHODS

Diet and fish rearing
Contents of cystine in the diets were calculated on the basis of the amino acid composition of white fish meal and the amount of sulfur amino acids supplemented.
Chemical analysis
The experimental diet and the fish were analyzed for proximate composition and free amino acids. All analytical procedures were carried out according to our previous study.
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Statistical analysis
All data were statistical analyzed using one-way anova and Tukey's multiple range test. Probability values less than 0.05 were considered significant.
RESULTS
Feeding results
The results of the 5-week feeding experiments are shown in Table 3 . The fish fed the 1.0% taurinesupplemented diet containing 1.40 ± 0.08% taurine, showed significant effects on final bodyweight, percent gain and feed efficiency, and protein efficiency ratio (PER) of these fish was significantly higher (P < 0.05) than those of the fish fed the control or cystine-supplemented diets. However, the elevation of the taurine supplement level from 1.0 to 1.5% did not result in any further improvement (P < 0.05). The fish fed the 1.0% or 1.5% cystine-supplemented diets also showed increased growth compared with the control, but there was no observed improvement in feed efficiency and PER (P < 0.05).
Accumulation and excretion of free amino acids in juvenile flounder
Taurine and gamma-aminobutylic acid (GABA) contents in the brain of fish fed the experimental diets are shown in Fig. 1 . In fish fed the taurineJuvenile Japanese flounder used in this experiment were obtained from the Nissin Marine Tech. Co., Aichi, Japan. They were fed a commercial diet (Higashimaru. Co., Kagoshima, Japan) for 2 weeks prior to the beginning of the rearing experiment in the laboratory of National Research Institute of Fisheries Science, Yokohama, Japan. The average weight of the fish at the beginning of the experiment was 0.90 ± 0.11 g (TL 48.00 ± 2.29 mm). The fish were divided into 14 groups of 50 individuals, each of which were assigned to one of the seven experimental diets. There were two replicates of each of the seven groups. Each of the 14 groups was placed in a 60 L glass tank. Each rearing experiment was conducted in a flowthrough system (750 mL/min) with filtered seawater, and the seawater temperature was controlled at 22°C. Each experimental diet was given to satiation three times a day throughout the 5-week feeding experiment. The fish were starved for the last 2 days of each experiment and then individually weighed. Six individuals were selected randomly for taurine excretion experiments, and the remaining fish were preserved at -40°C until chemical analyses.
Excreted taurine was determined as follows. The six fish of each tank were fed the respective experimental diet for two additional days and then immediately transferred to separate plastic bottles containing 800 mL of seawater. The experiment was approved by the Animal Care and Use Committee of the Tokyo University of Fisheries. The seawater was aerated and its temperature was controlled at 22°C by putting the bottles in a thermostated water bath. The amino acids excreted through the gill and kidney were allowed to build up in the rearing seawater for 24 h. An aliquot of each rearing water, after being acidified with 2% of 5-sulfosalicylic acid (Wako Pure Chemical Industries), was subjected to amino acid analysis with an automatic amino acid analyzer (Hitachi model 8500-A; Hitachi, Ibaraki, Japan). supplemented diet (diets 2-4), taurine contents in the brain were three-to fourfold higher than those in the fish fed the control and the cystinesupplemented diets. However, the taurine-and cystine-supplemented diets had no apparent effects on the contents of GABA in the brain. In contrast, the rapid increase of taurine content in the brain did not influence GABA content.
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Taurine and cystathionine contents in the muscle and liver are shown in Fig. 2 . Taurine in the muscle and liver increased as dietary taurine level increased. But there was no increased taurine level in the muscle and liver of fish fed the cystinesupplemented diet. Cystathionine contents of the muscle and liver in the fish fed the control and cystine-supplemented diets were much higher than those of the fish fed the taurinesupplemented diet. As the amount of taurine in the diet increased, cystathionine content in the muscle and liver decreased.
Taurine and ammonia excretion of the juvenile flounder fed experimental diets are shown in Table  4 . Taurine excretion was not found in the fish fed the control and cystine-supplemented diets. Moreover, a trace amount of taurine was excreted by the fish fed the diet supplemented with taurine. unable to use dietary cystine for taurine biosynthesis. Taurine is an essential dietary sulfur amino acid for cats because in the cat, which is inherently deficient in cysteine sulfinate decarboxylase, a taurine-free diet causes blindness.
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The taurine requirement of cats fed purified diets can be met with 0.08% taurine in diet dry matter. 13 In red sea bream, taurine deficiency is a probable cause for the outbreak of green liver. 14 In the present study, Japanese flounder fed the 0.2% taurine-containing control diet did not show any negative symptoms of dietary taurine deficiency.
In contrast, the concentration of cystathionine in muscle rapidly decreased with an increase of taurine in the diet. Cystathionine is an intermediate product in the trans-sulfuration pathway from methionine to cysteine. 15 It is considered that cystathionine might accumulate in the tissues of juvenile flounder when the fish are fed an excess of dietary methionine. However, the cystathionine accumulation in the muscle of juvenile flounder was influenced only by the dietary taurine level in the present study. The relationship between the level of cystathionine in the tissues and dietary taurine level remains to be investigated with juvenile Japanese flounder.
Taurine is considered to have a variety of physiological functions in mammals, such as cell membrane stabilization, anti-oxidation,
DISCUSSION
The major pathway for taurine synthesis from methionine or cysteine in mammals is believed to involve the oxidation of cysteine to cysteinesulfinate, the decarboxylation of cysteinesulfinate to hypotaurine and further oxidation of hypotaurine to taurine (Fig. 3) . 11 Yokoyama and Nakazoe 5 observed that the amounts of taurine accumulated in tissues and excreted by rainbow trout were much higher when the fish were fed 1% and 3% cystine-or 1% taurine-supplemented diets than when they were fed a control diet. Taurine is thought to be actively excreted when the net accumulation of taurine in the fish body exceeds a certain level. 5 However, in the current study, the amount of taurine excretion from the juvenile flounder did not differ greatly between the control fish and taurine-administered fish. This suggests either that the 1% and 1.5% taurine-supplemented diets do not nutritionally exceed the level in juvenile flounder, or that flounder have another way of excreting taurine.
Rainbow trout that were fed cystinesupplemented diets appeared to accumulate taurine in the muscle. Therefore, cysteine is believed to be the starting sulfur amino acid of taurine biosynthesis in rainbow trout. [5] [6] [7] [8] This suggests that the rainbow trout is able to use dietary cystine as a precursor for taurine biosynthesis. As shown in Fig. 2 , juvenile flounder appear to be 828
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G-S Park et al. detoxification, osmoregulation, neuromodulation and brain and retinal development. [16] [17] [18] [19] [20] [21] In the current study, fishes fed taurine-supplemented diets accumulated taurine at a considerably high level in their brains, muscles and livers compared with the control and cystine-supplemented groups. However, the physiological functions and the metabolism of the sulfur amino acids in juvenile flounder are still far from being understood. Further studies are needed on sulfur amino acid metabolism and physiological functions of taurine in fish in order to improve fish nutrition.
The results of the present study indicate that 1.4% taurine content in the diet improved the growth of juvenile Japanese flounder, and suggest that juvenile flounder are unable to biosynthesize taurine from cystine.
